Objectives: Recent investigations have demonstrated that the classic hypochloremic, hypokalemic, metabolic alkalosis of hypertrophic pyloric stenosis (HPS) is not a common finding.
T raditional teaching holds that obstruction that is high in the gastrointestinal (GI) tract is usually associated with gastric hydrogen ion loss from vomiting and subsequent hypochloremic, hypokalemic, metabolic alkalosis. 1 The traditional example of this is hypertrophic pyloric stenosis (HPS). Hypertrophic pyloric stenosis classically presents as an infant with projectile, nonbilious vomiting, with a palpable ''olive'' in the abdomen and sometimes a ''peristaltic wave'' after being fed with formula or breast milk. Several studies have shown that the classic electrolyte abnormalities of hypochloremic, hypokalemic, metabolic alkalosis is present in less than half of the patients with HPS. 2Y5 Some studies have suggested that the prevalence of electrolyte derangement in HPS may have diminished in the past 3 decades. 4, 6 Some authors have suggested that acidosis might be associated with HPS, occurring either as a mild metabolic acidosis early in HPS before there are significant hydrogen ion losses 3 or as a result of severe dehydration from prolonged vomiting. 7 Although most recent studies have demonstrated that the classic hypochloremic, hypokalemic, metabolic alkalosis of HPS is a less common presentation, there have been different results in different studies about the proportions of electrolyte abnormalities. Our aims were to (1) determine the proportion of patients with HPS who presented with metabolic alkalosis and electrolyte abnormalities, (2) to determine whether the acid-base status of our patients with HPS has changed in a span of 10 years, and (3) to explore factors that might contribute to acid-base and electrolyte abnormalities in our patient population.
METHODS
This is a descriptive study using retrospective chart review of patients diagnosed with HPS at Baystate Medical Center in Springfield, Mass, a regional pediatric tertiary care hospital in Western Massachusetts, over a span of 10 years.
Pediatric patients younger than 6 months with confirmed HPS by ultrasound or upper GI series who underwent pyloromyotomy from 2000 to 2009 were included. This study was approved by Baystate Health Institutional Review Board. A total of 205 charts were included in the review. Demographic and clinical characteristics of the patients were extracted from the encounter coversheet and the admitting physician's (resident or attending) history and physical examination (H and P) form of the index visit. If clinical data were not present in the physician's H and P form, then it was sought from the emergency physician's (resident or attending) H and P form or, lastly, the consultation notes of the pediatric surgeon. The first heart rate and weight were recorded from the triage nurse's note, initial nursing assessment, or patient care information system or clinical information service computerized charting systems.
First values for serum bicarbonate (CO 2 ), serum potassium (K), and serum chloride (Cl) were recorded from the laboratory section of the paper medical records, patient care information system, or clinical information service. Laboratory comments regarding the presence and degree of hemolysis were noted. Charts were also reviewed for comments regarding the number of days of vomiting and the absence or presence of clinical dehydration. A second chart reviewer confirmed the accuracy of data extraction and entry using 20 randomly selected charts. The proportion of patients with normal and abnormal values overall, and for each year, was determined according to our facility's norms as follows: normal serum CO 2 (22Y29), low serum CO 2 (G22), high serum CO 2 (929), normal serum K (3.6Y5.2), low serum K (G3.6), high serum K (95.2), normal serum Cl (98Y107), low serum Cl (G98), and high serum Cl (9107). Logistic regression 8 was performed to analyze for a time trend in the prevalence of metabolic acidosis (low CO 2 ) and metabolic alkalosis (high CO 2 ) when controlling for year of diagnosis, age, sex, and race. The numbers for years 2000 to 2002 were collapsed together to increase power because rates in single years were small and unstable. We explored whether the number of days of vomiting was associated with abnormal CO 2 , K and Cl values.
RESULTS
Two hundred five charts were included in the study. The cohort's demographics are provided in Table 1 and include sex (88.3% male), mean age (5.3 weeks), race (80% white, 1.5% African-American, and 1.5% Asian), and ethnicity (26% Hispanic). Abdominal imaging before the index visit had been performed as follows: 9 (4.4%) had prior abdominal radiograph, 12 (5.8%) had prior ultrasound, and 10 (4.9%) had prior upper GI series. Of the 205 patients, 203 (99%) had diagnostic ultrasound on the index visit before undergoing surgery.
Over the 10-year period (2000Y2009), the proportion of HPS cases with normal serum CO 2 was 62% (127/205), low serum CO 2 was 20% (40/205), and high CO 2 was 18% (38/205). Potassium was normal in 57% (117/205), low in 8% (17/205), and high in 35% (71/205) of cases. Overall, 35% (72/205) of the K specimens were hemolyzed, with 26% (n = 53) demonstrating slight hemolysis, and 9% (n = 19) moderate to gross hemolysis. Hemolysis was present in 48% (34/71) with high K, 29% (34/117) with normal K, and 24% (4/17) with low K. Chloride was normal in 69% (141/205), low in 25% (52/205), and high in 6% (12/205) of cases. Figure 1 demonstrates the proportion of low, normal, and high values for CO 2 for each year. Figure 2 demonstrates the year-by-year proportions for potassium; and Figure 3 , the same for Cl. Logistic regression analysis demonstrated that the prevalence of metabolic alkalosis significantly increased across the decade (P = 0.009), whereas the prevalence of metabolic acidosis decreased (P = 0.002) and that advancing age was associated with presence of alkalosis (P = 0.015). The number of days of vomiting was recorded in 196 of 205 charts. Tables 2 to 4 demonstrate the means of the days of vomiting of the different CO 2 , Cl, and K levels, respectively. Moreover, 18% (36/205) of the charts indicated dehydration and 3% (7/205) indicated no dehydration. Of the charts indicating dehydration, 14% (5/36) showed low CO 2 , 44% (16/36) had normal CO 2 , and 42% (15/36) had high CO 2 .
DISCUSSION
The progression to hypokalemic, hypochloremic, metabolic alkalosis in patients with HPS is said to provide a case study of acid-base and GI physiology. However, in our review of patients diagnosed with HPS in the past 10 years, most patients with HPS demonstrated no alkalosis and no electrolyte derangement. This is consistent with studies done by Touloukian and Higgins 3 and Papadakis et al. 4 Possible explanations for these findings could include mixed metabolic alkalosis and acidosis if hydrogen ion losses are offset by acidemia attributable to dehydration and earlier diagnosis given the availability of ultrasound. 4, 6, 9 Some studies have tried to use the electrolyte profile as a predictor of HPS to evaluate patients that require ultrasound 5,10 but our findings support others' conclusions that serum electrolytes are poor marker for HPS.
We sought to determine not only the prevalence of acidbase and electrolyte derangements in patients with HPS but also the trend in these values over the last decade. We discovered that the prevalence of alkalosis increased across the most recent decade, although we do not have a good explanation for this trend.
Finally, we wished to explore whether other factors, such as the duration of vomiting, presence of dehydration, or age at the time of diagnosis, affected acid-base and electrolyte profiles. Several studies in the past have indicated that prolonged vomiting and dehydration are associated with hypokalemic, hypochloremic, metabolic alkalosis in patients with HPS.
3,4,10Y12
Unfortunately, the presence or absence of dehydration was noted in too small a portion of our cohortV21% (43 out 205)Vto properly test the impact of dehydration. Papadakis et al specifically indicated that their patients did not develop hypokalemia and hypochloremia until diagnosis was delayed for at least 4 weeks. This is in contrast to our findings where there were no significant differences in the number of days of vomiting between patients with normal, low, and high CO 2 values. We speculate that the degree of stenosis or obstruction and subsequent increased amount of hydrogen ion loss during vomiting may also have a significant role in the development of the classic metabolic alkalosis.
We did find that advancing age was significantly associated with the presence of alkalosis. It is possible that advanced age at diagnosis serves as a marker for the duration and degree of stenosis. In summary, although most patients with HPS may present with normal electrolytes and acid-base profiles, some will present with alkalosis and some with acidosis. In our regional pediatric center, the incidence of alkalosis has been increasing in the most recent decade. When we explored for other variables associated with abnormal acid-base and electrolyte profiles, we found that the duration of vomiting was not a significant predictor but that age at the time of diagnosis was associated with alkalosis. This investigation supports the notion that laboratory analysis cannot be relied on to determine whether an infant requires imaging for HPS, contrasts with others' on the impact of duration of vomiting, and offers new findings regarding the impact of time and advancing age on the likelihood of finding acid-base and electrolyte abnormalities.
